The marine compressed natural gas (CNG) 
Introduction
Marine compressed natural gas (CNG) has been considered as a means of transporting natural gas in the past, but proved to be non-efficient for a number of reasons, including long distance or large volume of gas compared to liquefied natural gas (LNG), however, Marine CNG still appears economically attractive for shorter distances (up to ~ 4000 km) and relatively smaller volumes of gas. Years of engineering and development in containment systems have provided the marine CNG as a major stimulator of new and previously stranded hydrocarbons by becoming an important tool to optimize the operation of the petroleum wells.
The demand of natural gas in regional markets has been driven by several factors, including the crucial shift of the power sector to natural gas fired stations, a huge demand of gas in the city gates, and industrial consumers to switch to natural gas from other fossil fuels. This remarkable growth in gas demand over the past decade has led to the development and installation of a large number of gas transmission projects. These baseload projects have focused on the basic operation of a relatively large gas reserves, typically as 5 Tcf +. [2] . However, the gas markets are now seeing the structural changes with the advent of the mid markets i.e. regional markets, which tend to be relatively are combination of small gas and LNG trading. Marine CNG has arisen as an alternative to LNG, to fulfill the gas demand of these average markets. A typical marine CNG project consumes almost 70-80% budget in its transportation vessels, while the remaining 20% is consumed in operational expenses. The selection of possible shortest path and optimization of fuel consumption can save a significant amount. These problems related to optimization of operational expenses of ships have not attained much attention in the literature, in contrast to other similar issues, such as the vehicle scheduling and routing issues. The reason for this insufficient attention is dependent upon many factors; visit the discussions of Christiansen et al. in 2004 . During the last decade, massive demand of other documents about optimization and papers on routing problems has been observed. The three scientific surveys about maritime optimization and scheduling problemsare more dominant in Literature: Ronen focuses on these issues in early years; i.e. 1983, Ronen again reviews the following decade in 1993, and Christiansen et al. considered these problems in the succeeding decade in 2004. A detailed overview of models about maritime optimization of ship's operational expenses and comprehensive schemes of shortest path selection have been adopted by Christiansen et al in 2007. The marine CNG supply chain has been investigated by MikhaelNikolau in detail in 2010. [2] .He presented a solution on how to select an optimal design of a CNG ship and also proposed the two popular methods of CNG distribution i.e. Hub-and-Spoke pattern and Milk-Run pattern. Yet, there's a big scarcity of literature about the "The Non-Linear Programming Model (NLPM) 
II. Objective Function Of Ship Engine's Fuel Optimization
The operating costs of a ship mainly depend upon the following factors. 1. Daily fuel consumption of main engine for ship's speed 2. Daily fuel consumption of the auxiliary engines 3. The owner's daily costs 4. Routine maintenance costs While some consider loading/offloading costs also as ship operating costs According to Stopford, M. 2009, the fuel consumption accounts for 76% of voyage costs, while, other shipping companies consider that fuel cost is 60% of overall operating expenses of a ship. Hence, minimizing the fuel consumption reduces a considerable amount of OPEX in a marine CNG project. The experiments proved that reducing the ship speed and decrease in ship engine load can minimize the fuel consumption to a larger extent. The total cost (J) of fuel consumption can be divided into two costs as follows:
(1) Where, J1 is the total fuel consumed by the main engines and J2 indicates the other expenses such as crew costs, maintenance costs and for running ship's electricity plants etc. The component J1 is minimized by an algorithm for finding the optimal working parameters of main engines. The main goal is to minimize the fuel consumed by the main engines used for propulsion while the costs of auxiliary engines are neglected in our case as they are very minute (relatively 4% of the costs mentioned above). The objective function that considers only the consumption of main engines is determined as follows:
M is the total number of engines installed on the ships, [0, t], R is the number of engines working in specific time interval, [0, t]. A -the cost of start operation and B-the cost of stop operation. Qvt is the capacity of the engine. The problem under consideration is limited to the optimization of parameters of work of ship's main engines during a certain voyage. This leads to the expression:
In this situations, where ratio p 2 /p 1 is constant and the given engine will be fed with fuel of net calorific value Wu=constant. This value can be minimized by improving the efficiency or in other words, by minimizing the g e , because, =
(4)
The final form for the objective function needed to be optimized over each interval looks as follows:
III. Problem Formulation
The optimization of fuel consumption of ship's engines involves finding a value of vector x. 
Where, L represents the number of engines installed on a ship. As x∈Rk, and the components of vector z take only defined values determined by the feasible values of the factor C, the values of x over the feasible points expressed by, = { : ≤ 0 = 1,2,3; = 1,2,3 … . . , = 0} (7) are sought for the given values of z. In this problem, the function constraints are Linear and this leads to the convex sets Q of feasible points.
IV. Problem Solution
A control algorithm for automatic searching of the optimal parameters of engines, in situations where the values of vector y are stipulated, was elaborated. This algorithm is suitable for computation by means of a digital computer and provides a means of performing the following computations to solve the problem: 1. Determine the number of engines required for transportation of certain amount of gas. An example of a flow chart can be observed below: are the solution of optimization problem.
(8)
Technical Characteristics Of Ship's Engines
To minimize the overall fuel consumption during the voyage, it is necessary to install certainhigh-power different engines on the CNG vessel. For instance, we will consider the following three engines and then apply non-linear programming to optimize their fuel consumption: 1-Four-stroke engine 20V35/44G 2-Man B&W 7G70ME-C9.2-GI 3-Man B&W 5G70ME-C9.5-GI 
V. Influence Of Ship Speed On Fuel Consumption
The mainly affecting parameter of fuel consumption is the vessel speed. The Admiralty coefficient, which is commonly used in shipbuilding, illustrates the relationship of fuel consumption and vessel speed. The formula was initially used to determine the relationship between the force and displacement speed vessel. But it may also be used to compare values inter related with the power, for example, resistance to the hull or fuel consumption. Therefore, the formula described in the literature as the coefficient of fuel can be written:
(14)
Where, EF C -fuel coefficient; ∆ -Ship displacement; V -Ship speed; EF -main engine fuel consumption.
As described above, speed of the vessel appeared to the third power, is a dominant factor. This finding is consistent with the experience gained from the analysis as a test ship models and measurement of fuel consumption during operation of ships. Hence, the binomial power model must be applied in order to describe the daily fuel consumption and speed of the vessel:
= . . For the previously reported theoretical considerations, the parameter "b" should be set to three. Due to mechanical losses and propeller sliding screw increases the speed of the vessel more slowly than the screw revolutions. Practical dependent binding of daily consumption of ship's speed will be of the order of a few more than three. Again, value of "b" of power regression functions should be in the range from 3 to 4. The regression parameters "A" and "B" can be determined by known methods by using commonly available software for statistical analysis. [4] .The analytical graph describing consME depending on V for modeled ship at full loading condition is shown on figure below. 
VI. Influence of Ship Engine Load on Fuel Consumption
The two important parameters of a diesel engine are (i) Continuous rating service -CSR and (ii) Maximum continuous rating -MCR. The ratings, which are usually concerned, are the maximum power at which the engine will run continuously to maintain the desired vehicle service speed when fully loaded. There's a maximum power limit, beyond which the engine must not be operated continuously. Usually, the economy rating is an option available to reduce the fuel consumption of diesel engines. Results To estimate the mass flow of the fuel system of the engine fuel oil, the certain standard tools are used i.e. the main engine fuel oil flow meter equipped with temperature sensor. The receipt of fuel oil analysis will be used as a source of fuel oil input data for further measurements. The correction factor of fuel oil gravity temperature will be taken accordingly. The specific fuel oil consumption of the main engine is calculated with the formula: = 
Fuel Consumption Estimation

VII. Case Study 2:
If a 300,000 DWT VLCC loaded in the Eastern Med. takes about 30 days to sail to the Japan at 16.7 knots (engine speed). Its fuel consumption is on average 99 ton/day. The sailing distance between the source and consumers is 10,000 nm. The correlation between speed reduction and decrease in ship engine load can be used to calculate the reduction in fuel consumption rate. By using the formula mentioned above, the decrease in fuel consumption is significant with the decrease in engine load and ship speed. From the graph above, a 50% reduction in fuel consumption is obvious just by decreasing the ship speed only for 3 knots. Fuel consumption is usually also stated as fuel consumed per day. So, for a 13,000 TEU Ultra Large container ship with a main engine powered at 70,000 kW with 100 rpm at maximum continuous rating can be determined with the formula, mentioned below. The engine loads corresponding to different ship's speeds vary according to the cubic law: kW varies as V³ where V is ship's speed in knots. The combination of different engine loads and ship speeds are calculated with this formula and given below in table 2. So, FC (tons/day) = 24 x 10 6 x kW x SFC (18) The above formula can also be used to determine the number of days to sail 10,000 nautical miles at different engine loads and the associated theoretically different overall fuel consumptions with associated fuel saving. The following table expresses the number of days to voyage 10,000 nm under different engine loads and vessel speed. 
Conclusion
The successful implementation of marine CNG project lies in its low cost technology. Companies have been experimenting and after the decades of engineering, they have developed sea-vessels which are light weight and cost efficient. The ship building covers 70-80% funds of overall project, that's why; many companies have introduced their efficient containment systems, such as Coselle system by Sea NG, EnerSea VOTRANS, and TransCanada's GTL etc.
The Nonlinear Programming Transportation Model discussed above efficiently reduces the operating costs. The model is only affective when 3-4 heavy power engines are installed on transportation vessels. By selecting the optimal working parameters of the engines and distributing the load among them, a significant reduction in fuel consumption has been observed. Once the number and optimal parameters of engines and load distribution has been determined, the possible low sailing speed will reduce the overall fuel consumption. The study case above proved that, by reducing the vessel speed up to 3 knots reduces the fuel consumption almost up to 40%.
The application of this algorithm seems to be the only possible solution having the full economic benefits under these conditions. These benefits will increase as the size of the problem increases. This model seems to be ineffective when only one engine is installed onboard CNG transportation vessels. In this case, instead of applying this algorithm, it's economically preferable to operate ship's engine on economic mode according to the engine's passport provided by the manufacturer. 
